PGE2 inhibited 10 m U/ml vasopressin-induced osmotic water flow of the toad bladder at 2 x 10-8 M. PGE2 suppressed vasopressin-mediated cyclic AMP accumulation in epithelial cells and also vasopressin-mediated adenylate cyclase activity in a crude homogenate of the cells. However, PGE2 had no effect on cyclic AMP dependent and independent protein phosphorylation. These findings indicate that PGE2 inhibits vasopressin-induced water flow mainly through suppression of adenylate cyclase activity, and that the role of PGE2 at that point in the reaction leading to increased water permeability following cyclic AMP production may be slight. Under conditions in which the hormone and substrate are depleted, PGE2 and guanine nucleotides, such as GTP and Gpp(NH)p, additively bring about an increase in adenylate cyclase activity, toad bladder ; adenylate cyclase ; protein phosphorylation ; vasopressin ; guanine nucleotides ; prostaglandins It is widely accepted that prostaglandin E(PGE) inhibits the vasopressininduced osmotic water flow in the toad urinary bladder (Orloff et al. 1965; Omachi et al. 1974; Schlondorff et al. 1981; Marumo 1983) . Orloff et al. (1965), Ozer and Sharp (1972) found PGE1 to inhibit the vasopressin-and theophyllineinduced water flow in the toad bladder, but could find no PGE1 effects on the cyclic AMP-induced water flow.
possible sites at which PGE can cause inhibition of the cellular action of vasopressin before and following the production of cyclic AMP. While PGE has an inhibitory effect on the vasopressin-mediated adenylate cyclase activity, it has been reported that PGE (Herman et al. 1980; Grenier et al. 1982 ; Stein and Martin 1983) stimulates the enzyme activity in various tissues, as guanine nucleotides (Bockaert et al. 1972 ; Londos et al. 1974 ; Rodbell et al. 1975 ; Marumo and Mishina 1978) similarly stimulates it.
The present study was attempted to clarify the site of PGEZ action. The interaction between PGEZ and guanine nucleotides in regard to the adenylate cyclase activity in the toad bladder membrane is discussed.
MATERIALS AND METHODS
Osmotic water permeability of the toad bladder Urinary bladders of the toad, Bufo bufo japonicus, which had been made to live on a ground surface 1-3 weeks were used. After double pithing, the urinary bladders were immediately removed, placed in Ringer's solution, excised and halved. Each hemibladder was mounted in a glass chamber. To prevent mechanical distortion of the membrane, both orifices of the chamber were covered with a nylon mesh as previously described (Shimada et al. 1983 ). To measure the osmotic water flow volumetrically, Ringer's solution, diluted by one-fifth, was introduced into the mucosal chamber. The area of the chamber orifice was 2.66 cm2. The composition of the Ringer's solution was as follows (in mM) : NaCI, 111; KCI, 3.5 ; CaC12i 0.9 ; MgC12, 1.5 ; NaH2PO4,1.9 ; Na2HPO4, 8.1. The osmolality was 232 mOsm/L and the pH, 7.4. All drugs were introduced into the chamber from its serosal side.
Cyclic AMP production in intact epithelial cells
The bladders were pre-incubated in Ringer's solution containing 10-6 M indomethacin at room temprature, so as to suppress the production of prostaglandins in the tissues. The bladders were then incubated in Ringer's solution containing 10 mM theophylline, 5 mM glucose, 2 X 108 g M vasopressin both with and without 1 X 10-g M PGEZ, for 45 min at 30°C. In each experimental procedure, 3 bladders were used for both the control and experimental groups. Immediately after incubation, the bladders were stretched gently over a roughened plastic block, and scraped lightly but rapidly with the edge of a glass slide on ice. The epithelial cells from the mucosal surface of the bladder were suspended in 1 ml of 8% CC13 COOH (TCA) solution and homogenized. After adding [3H]-cyclic AMP (approx. 20,000 cpm), the homogenate was centrifuged at 3,000 X g for 30 min at 4°C. Cyclic AMP in the supernatant was fractionated by the method of Omachi et al. 
Protein phosphorylation
Endogenous protein phosphorylation of a crude homogenate of toad bladder epithelial cells was determined by the method of Rudolph and Krueger (1979) , with slight modification (Shimada et al. 1983 ). The total volume of the reaction mixture was 200 containing 50 mM Hepes, pH 7.0, 10 mM MgC12 crude homogenate of the toad bladder epithelial cells (100 pg protein), with and without cyclic AMP. The reaction was initiated by the addition of 10-5 M [ y32P] ATP (10-20 Ci/mmol. ), terminated by the addition of 100 ,u 1 of a solution containing 9% SDS, 15% glycerol, 30 mM Tris HC1, pH 7.8 and 0.05% bromphenol blue (BPB), and boiled 20 min. After the solution returnned to room temprature, 100,ul of dithiothreitol (75 mg/ml) were added. Phosphorylated proteins were separated by 12.5% SDS-polyacrylamide gel electrophoresis, and analysis of 32P distribution in the gel was carried out by autoradiography.
Adenylate cyclase assay
The epithelial cells were placed in an ice-cold solution containing 50 mM Tris HC1, pH 7.4, and 1 mM ethylenediaminetetraacetic acid (EDTA). The cells were washed three times in this solution by low speed centrifugation (1,000 rpm for 1 min). The precipitate was diluted in a 10 volume aliquot of the buffer solution, gently homogenized in a glass-glass pestle homogenizer and used as an enzyme source. Adenylate cyclase activity was measured by the method of Salomon et al. (1974) with slight modification. The incubation medium contained 50 mM Tris HC1, pH 7.5, 5 mM MgC12, 1 mM cyclic AMP, 155 U/mg creatinine kinase, 20 mM phospho-creatinine and 1 mM [a32P] ATP (2-4 x 106 cpm). The crude homogenate (30-501ug protein) was added to the incubation mixture to a final volume of 50,u1. Incubation was carried out at 30°C for 15 min and terminated by the addition of 100 ,l of a solution containing 2% SDS, 40 mM ATP, and 1.4 mM cyclic AMP at pH 7.5. 50,ul of [3H] cyclic AMP (approx. 20,000 cpm) were then added to monitor cyclic AMP recovery during chromatography. The samples were diluted to a final volume of 1 ml with distilled water. Cyclic AMP, formed from [a32 P] ATP, was isolated by Dowex AG 50 W x 4 and alumina column choromatography and counted in Aquasol II (10 ml) using a liquid scintilation counter. The recovery of [a32 P] cyclic AMP was 60-80%. For the statistical analysis, paired and unpaired Student t tests were used.
RESULTS
As shown in Fig. 1 , PGE2 inhibited 10 mU/ml vasopressin-induced osmotic water flow in the toad bladder at 2 X 10_8 M. Table 1 shows the inhibitory effect of PGE2 on vasopressin-activated cyclic AMP production in the epithelial cells of the toad bladder. Under the control condition, the epithelial cells contained 37. 2+ 14.0 pmoles cyclic AMP per mg protein. As shown in Table 1 , vasopressin increased the cyclic AMP content in the cells to twice as much, and PGE2 significantly suppressed the vasopressin-activated cyclic AMP production at a concentration of 10-6 M. The effect of PGE2 on endogenous protein phosphorylation was examined using Mg-ATP as a substrate and the results are shown in Fig. 2 . Cyclic AMP produced specific phosphorylation of proteins with molecular weights of 48,000, 30,000 and 12,000 daltons. PGE2, at either 10_8 or 10-6 M, showed no effect on cyclic AMP-dependent and independent protein phosphorylation. Fig. 3 show the effects of PGE2 on vasopressin-sensitive adenylate cyclase activity. The basal activity was 0.99±0.24 pmoles/mg protein/min, and the enzyme activity increased to 2.67±0.21 by the addition of 10-6 M vasopressin. PGE2, at 10-5 M, significantly inhibited vasopressin-mediated enzyme activity, as shown in Fig. 3 .
A possible modification by PGE2 on the effects of guanine nucleotides on adenylate cyclase activity was investigated using bladders pre-incubated for 14 hr to make substrate-free condition. PGE2 alone did not affect the enzyme activity at 10_8 to 10 M. However, PGE2, at 10-5 M, enhanced Gpp(NH)p-mediated enzyme activity as shown in Fig. 4 . PGE2 also enhanced the 10 M GTPmediated enzyme activity, and inhibited the activity stimulated by both vasopressin and GTP as shown in Fig. 5 . Each point in the figure represents a mean of duplicate determinations in three independent experiments.
The basal adenylate cyclase activity was 0.99 + 0.24 (mean +s.n., n=6) pmoles/mg protein /min. PGE2 significantly suppressed both 10-6 and 10-' M vasopressin-mediated enzyme activities. Schlondorff et al. 1981) , and PGEZ has also been found to exert a similar effect (Schlondorff et al. 1981; Marumo 1983 ). Omachi et al. (1974) reported that the accumulation of cyclic AMP in the epithelial cells of the bladder by PGE1. Schlondorff et al. (1981) found that endogenous prostaglandins inhibit vasopressin-induced cyclic AMP generation, and that PGEZ had not affect on cyclic AMP-dependent protein kinase activity though it inhibited both the vasopressin-and cyclic AMP-induced water flow in the toad bladder. They concluded that PGEZ inhibited vasopressin-induced water flow at the site of cyclic AMP generation and also at a step(s) distal to or independent of cyclic AMP and protein kinase activation.
In the mammalian tissues, the accumulation of cyclic AMP in the renal medulla (Marumo and Edelman 1971; Beck et al. 1971; Jackson et al. 1980 ) and isolated renal tubules (Torikai and Kurokawa 1983) exposed to vasopressin is reduced by PGE1 and PGEZ.
In the present study, vasopressin caused the accumulation of cyclic AMP in the scraped epithelial cells to become twice as much at a concentration of 2 X 10-5 M as the control (Table 1) , and the adenylate cyclase activity was doubled by vasopressin at 3 x 10-' M in the crude homogenate (Fig. 3) . PGEZ inhibited both vasopressin-induced cyclic AMP accumulation in intact cells and adenylate cyclase activity in the crude homogenate. However, we found no overt evidence showing that PGEZ inhibits the vasopressin action at a step distal to cyclic AMP generation, since endogenous protein phosphorylation was not affected by PGEZ (Fig. 2) . Thus, we conclude that PGEZ may inhibit vasopressin-induced water flow mainly through suppression of adenylate cyclase activity, and that the effect on the step distal to cyclic AMP generation may be small. By 12 to 14 hr incubation in Ringer's solution containing no glucose, substrate (Maffly and Edelman 1963) and hormone (Marumo 1968) in the toad bladder cells are depleted. In these condition, guanine nucleotides such as Gpp(NH)p enhance vasopressin-induced water flow in the toad bladder (Marumo 1978) and stimulate the adenylate cyclase activity in the frog bladder (Shimada et al. 1983 ), as previously reported. POE stimulates the adenylate cyclase activity in the kidney (Herman et al. 1980 ) and the platelet membrane (Stein and Martin 1983) . Stein and Martin (1983) reported that POE stimulation of the enzyme activity was stronger with GTP stimulation.
The effects of guanine nucleotides and POE on the adenylate cyclase activity have been independently examined, but not done together.
In the present study, both GTP and Gpp(NH)p stimulated adenylate cyclase activity in the crude homogenate of the toad bladder epithelial cells, but PGEZ did not. However, PGEZ enhanced both guanine nucleotides-mediated enzyme activities.
On 
